Mechanism and Selectivity of Ru(II) - and Rh(III) -Catalyzed Oxidative Spiroannulation of Naphthols and Phenols with Alkynes through a C-H Activation/Dearomatization Strategy.
The ruthenium- and rhodium-catalyzed oxidative spiroannulation of naphthols and phenols with alkynes was investigated by means of density functional theory calculations. The results show that the reaction undergoes O-H deprotonation/C(sp(2) )-H bond cleavage through a concerted metalation-deprotonation mechanism/migratory insertion of the alkyne into the M-C bond to deliver the eight-membered metallacycle. However, the dearomatization through the originally proposed enol-keto tautomerization/C-C reductive elimination was calculated to be kinetically inaccessible. Alternatively, an unusual metallacyclopropene, generated from the isomerization of the eight-membered metallacycle through rotation of the C-C double bond, was identified as a key intermediate to account for the experimental results. The subsequent C-C coupling between the carbene carbon atom and the carbon atom of the 2-naphthol/phenol ring was calculated to be relatively facile, leading to the formation of the unexpected dearomatized products. The calculations reproduce quite well the experimentally observed formal [5+2] cycloaddition in the rhodium-catalyzed oxidative annulation of 2-vinylphenols with alkynes. The calculations show that compared with the case of 2-alkenylphenols, the presence of conjugation effects and less steric repulsion between the phenol ring and the vinyl moiety make the competing reductive oxyl migration become dominant, which enables the selectivity switch from the spiroannulation to the formal [5+2] cycloaddition.